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INTRODUCTION 
Dehydration of the body as produced experimentally by placing an 
obstruction at the pylorus has been extensively studied from the point 
of view of the changes in the composition and physical properties of 
the blood caused by the continued loss into the stomach of water and 
materials; chiefly  sodium and, in larger quantity, chloride ion (1, 2, 3, 4). 
As regards the actual extent of withdrawal of water and of these sub- 
tances, Gamble and McIver  have shown that in rabbits several times the 
initial blood plasma content of water, of sodium and of  chloride ion 
enters the stomach during the survival period following an experimen- 
tal obstruction at the pylorus (5).  It is thus evident that stores of 
water and materials behind the vascular system are extensively drawn 
upon in support of blood plasma volume and composition.  The pur- 
pose of the study, the results of which are here presented, was to mea- 
sure the degree of depletion of the water and chloride ion content of 
the body as a whole which may result from upper intestinal obstruc- 
tion.  It  would have  been  desirable  to  have  determined  also  the 
amount of sodium remaining in the body but this was not attempted. 
Water and chloride ion were measured in the skin of the animal and in 
the remainder of the carcass, after removing  the gastro-intestinal tract, 
by the method described below.  An essential point regarding these 
measurements is that they were obtained by drying and then digesting 
the entire skin or carcass, that is, the material was used in toto.  In 
some instances the animal was exsanguinated as completely as possible 
and the water and chloride ion content of the blood determined. 
The initial experimental procedure was obstruction of the pylorus 
by ligature.  The resultant continued loss of gastric  secretions will 
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obviously cause body fluid depletion.  On  reflection, however, it is 
apparent that the situation contains other factors which may also be 
expected to cause reduction of the total water content of the body. 
Pyloric obstruction produces, besides a  loss of gastric secretions, the 
circumstances of fasting and of  complete water  deprivation.  As  a 
result of fasting there must occur consumption of body fat, glycogen 
and, to some extent, of body protoplasm, with release of constituent 
water.  It would also seem probable that the circumstance of water 
deprivation will tend to cause subsidence of the water content of the 
body.  With the purpose of appraising together these two additional 
factors of water removal which are incidentally produced by upper in- 
testinal obstruction, measurements of the loss of water and of chloride 
ion by unoperated animals subjected to a period of fasting and water 
deprivation were obtained. 
Another item in the plan of study was comparison of the loss of 
water and chloride ion by rats fasted and deprived of water with the 
losses found for rats following an experimental obstruction placed at 
the lower end of the small intestine, water and food being again with- 
held.  The purpose here was to test the expectation that lower intestinal 
obstruction, in contrast with pyloric obstruction, is a small or perhaps 
a negligible cause of dehydration, because of a probably more or less 
complete  reabsorption  of  gastro-intestinal  secretions  by  the  small 
intestine. 
Procedures 
Operative.--The animals used for these experiments were young adult white 
rats.  Under  ether anesthesia the abdomen  was opened  and obstruction established 
at the pylorus or just above the appendix by tying with strong silk thread.  The 
incision was closed and covered with collodion.  The rats recovered very quickly 
from the operation.  After the desired interval they were killed by ether, the skin 
was rapidly removed and the gastro-intestinai tract, damped at both ends, was 
dissected from the remainder of the carcass.  Skin  and carcass were then placed 
in the weighed flasks of the digestion apparatus.  When blood was withdrawn 
this was done under ether anesthesia by opening the thorax with a U-shaped 
incision after reflecting the skin and delivering the heart through this incision 
into the mouth of a weighing  bottle and then opening  the ventricles by snips with a 
small scissors. 
Analytical.--The  flask containing the fresh material was weighed and  then 
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A  measured excess of N/20 silver nitrate solution was then placed in the flask, 
several drops of caprylic alcohol added and the reflux condenser fitted on, the joint 
being of ground glass.  100  cc. of nitric acid was then added through the con- 
denser tube and the mixture cautiously heated over an electric plate until foaming 
had ceased.  The electric heater was then turned full on.  Occasionally caprylic 
alcohol was required during the process of digestion.  After a  period of  1 or 2 
hours, digestion was complete except for tissue fat which was found to have sep- 
arated completely with the formation of large globules on the top of the mixture. 
The condenser tube was  then rinsed,  the flask stoppered and placed in the ice 
box  until  the fat  solidified.  The  mixture  was  then filtered into  a  volumetric 
flask, the original flask and precipitate being thoroughly washed with  distilled 
water.  The filtrate was then made tip to volume.  Four 10 cc. samples of the 
filtrate were pipetted into large pyrex test tubes and titration carried out with 
N/40 ammonium  thiocyanate.  One sample was titrated to the first visibleend 
point and another was not carried to the end point.  These two tubes were used 
as comparators in titrating the two remaining samples.  Titration figures checked 
very accurately.  Calculation: cc. ~/20 silver nitrate added originally  less one-half 
of the amount of N/40 thiocyanate required divided by 20  gives refill-equivalents 
of chloride ion in the sample. 
RESULTS 
The data obtained from a control rat, from a rat deprived of food 
and water for 18 hours, and from three rats sacrified  12 hours after 
obstructing the pylorus, are presented in Table 1.  It should be noted 
that the average weight of the obstructed rats (192 gm.) is a bit greater 
than the weight of the control animal (186 gm.) and that in the food 
and water deprivation experiment the period was 18 hours whereas the 
interval following pyloric obstruction was 12 hours.  The longer period 
of fasting and water deprivation was used on the basis of an incorrect 
expectation that these circumstances would be relatively small factors 
of  dehydration.  The  survival  period  following pyloric  obstruction 
was found by preliminary experimentation to be between  30 and  40 
hours, so that the data in the table describe changes occurring during 
the first third of the survival period.  This short interval was chosen 
because it had been found that after 12 hours there occurred loss  of 
stomach contents by vomiting or regurgitation and it was desired to 
compare the amount of chloride ion found in the  stomach with the 
measurement of loss from the body.  As regards the total quantity of 
blood collected by the technic described above, we have  considerable 
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obstructed  rats,  there  was  evident increase  in  viscosity  which  very 
probably interfered with complete collection.  The data are  included 
in the table in order to  complete the total values for body weight, water 
and chloride.  The measurements of water per cent and of chloride ion 
concentration  are,  of course, not disturbed  by the probable error  in 
volume. 
In spite of these appreciable defects in the plan of study, comparison 
of the several sets of data in the table produces certain  quite evident 
TABL 
Shou~ng Losses of Water and of Chloride Ion Produced (1) b 
Losses are estimated  by subtracting  the values found from those established by the control an 
skin and the gastro-intestinal  tract.  The  "Total" values are the sum of those found for skin, tissu 
Experimental 
procedure 
Control  .......................... 
Fasting and water deprivation 18 
hrs ............................ 
Loss, absolute  .................... 
Loss, per cent  .................... 
Pyloric obstruction 12 hrs. 
Averages  .......................... 
Loss, absolute  ..................... 
Loss, per cent  ..................... 
Weight 
Initial  Final 
gm.  gm. 
186 
185  172 
13 
7% 
191  180 
192  180 
193  182 
192  181 
11 
6% 
Wt. 
gm. 
33.9 
28.3 
5.6 
16.5% 
28.1 
26.1 
27.3 
27.2 
6.7 
19.7~ 
H20 
gm. 
18.6 
15.9 
2.7 
14.5% 
Skin 
H~O 
c~ 
54.9 
56.2 
13.9  49.5 
14.3  54.8 
14.2  52.0 
14•1  52.0 
4.5 
24.2% 
Cl 
m-eq. 
2.26 
1.89 
.37 
16.4% 
1.48 
1.46 
1.51 
1.48 
.78 
34.5% 
(c1) 
M 
•  121 
•119 
• 107 
• 102 
•106 
• 105 
Wt.  HsO 
gm.  gm. 
129  88.9 
119  81.1 
10  7.8 
7.8%  8.8% 
117  77.9 
120  82.2 
121  81.6 
119  80.6 
10  8.3 
7.8%  9.3% 
findings which may be briefly discussed.  To consider first the effects 
of fasting and water deprivation: we note that the 18 hour period re- 
duced the weight of the animal from 185 gin. to 172  gin.  As regards 
the composition of this loss in terms of water and solids, information 
is provided by comparing the "total" values for the control and for the 
fasted  animal  obtained  by  adding  together  the  measurements  for 
skin, tissues and blood.  A closely parallel loss of water and oi solids is 
indicated by the fact that the values for body weight loss and for reduc- T.  O.  H.  DRAKE,  C.  ~'.  McKHANN,  AND  J'.  L.  GAMBLE  871 
tion of water content are 8.4 per cent and 8.1  per cent  respectively. 
The loss of weight is thus, as would be expected, the result of consump- 
tion of body substance in toto  rather  than of dehydration.  Taking 
the skin by itself, however, and comparing the per cent loss of weight 
and of water it is unexpectedly evident that  a  larger loss of solids 
than of water has occurred producing an appreciable increase of water 
content.  In the remainder of the carcass, designated "tissues" in the 
table, the loss of water slightly exceeds the loss of solids.  The total 
,E  1 
~, Fasting and  Water Deprivation, and (2) by Pyloric Obstruction 
aimal.  The material designated "Tissues"  was  the remainder of  the carcass after removing blood, 
.es, and blood. 
Ha3 
per 
colt 
68.9 
i, 
68.1 
66.6 
68.5 
67.4 
67.7 
3.73  ] 
.69  1  15.6% 
3.25  [ 
3.63 
3.28 
3.39  I 
1.03 ] 
23.3%  I 
Blood  To~l 
(CI) 
M 
.050 
.046 
Wt. 
g~. 
4.52 
5.90 
H,0 
gm. 
3.64 
4.60 
Ita3 
per 
cen~ 
80.6 
78.C 
CI 
~-eq. 
.347 
.437 
(CI)  wt. 
M  gm. 
.095  167 
.095  153 
Ha3 
gm. 
111 
102 
per 
cent 
66.4 
66.7 
.042 
.044 
.040 
.042 
3.54 
2.53 
2.06 
2.68  75.7 
1.96  77.5 
1.51  73.3 
.221  .082 
.175  .089 
.122  .081 
14  9 
8.4%  8.1% 
149  95  63.8 
149  99  66.4 
150  97  64.7 
149  97  65.0 
18  14 
10.8%  12.6% 
Cl 
m -eq. 
7.03 
6.06 
.97 
13.8% 
4.95 
5.27 
4.91 
5.04 
1.99 
28.3% 
Gastric 
contents 
(Cl)  Ha3  Cl 
gin.  m-eq. 
.064  0  0 
.060  0  0 
.052  15.9  2.32 
.053  15.0  2.27 
.051  15.9  2.3~ 
.052  15.6  2.32 
chloride loss produced by fasting and water deprivation is 13.8 per cent 
of the initial body content, and roughly one-third of this, and also of 
the water loss, is derived from the skin.  The per cent losses from the 
skin are, it may be noted, about twice as great as those from the tissues. 
When,  added to  the circumstances of fasting  and  water depriva- 
tion, a loss of gastric secretions is produced by placing an obstruction 
at the pylorus, body weight falls in 12 hours from 192 gm. to 181 gm. 
(average for three animals).  But insomuch as the finalweight (181 gm.) 872  WATER  AND  CHLORIDE  IN  DEHYDRATED  RATS 
includes the gastric secretions trapped in the stomach, the 11  gin. of 
body weight loss here observed is presumably referable to the factors of 
fasting and water deprivation and agrees roughly with the loss of 13 
gin. produced in the preceding experiment by these circumstances, in 
the absence of obstruction.  On opening the abdomen the stomach was 
found enormously distended and to contain water to the surprising 
extent of 15.6 cc. (average of findings).  If 15.6 gin. be added to the 
observed body weight loss, 11 gm., a total weight loss of 26.6 gin. is 
obtained.  The estimated weight loss from skin,  tissues,  and  blood 
taken together given in the table is  18  gm.  The  considerable dis- 
crepancy  between these two data is, we believe, explained by  absorption 
of water from the gastro-intestinal tract below the obstruction.  Un- 
fortunately  weight measurements  of the tract were not made but it was 
observed po~t mortem that, in striking contrast to the enormous stom- 
ach, the remainder of the gastro-intestinal tract was completely empty 
and shrunken to a  tiny cord.  The inference thus produced is that 
about 8 or 9 cc. of the water lost into the stomach is replaced by water 
absorbed from the intestines.  This source of body fluid replenishment 
is, of course, soon exhausted but is here seen to be of an extent sufficient 
to cover about one-half of the water loss into the stomach during the 
first 12 hours following obstruction.  Although  the effect of the loss of 
gastric secretions on the water content of the body is thus greatly 
reduced, the estimations of net loss of weight and of water, 10.8 per 
cent and 12.6 per cent respectively, indicate an appreciably more ex- 
tensive loss of water than of substances, and this is found to be true 
in terms of per cent water content for both skin and tissues.  The 
chloride loss is, as would ba expected, greatly increased as compared 
with the loss found for fasting and water deprivation without obstruc- 
tion, being nearly one-third of the initial chloride content of the body, 
and is completely accounted for by the amount found in the stomach. 
An extensive fall of chloride ion concentration is found in the skin and 
a  considerable decrease occurs also  in the blood,  changes obviously 
referable to the much higher concentration of chloride ion in the gastric 
secretions than in body fluids. 
These data enable us to appraise the two factors of water removal 
from the body in the presence of upper intestinal obstruction;  (1) 
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protoplasm due to the circumstance of fasting and, (2) water lost into 
the stomach because of the failure of reabsorption of gastric secretions. 
According to the results of these experiments the first factor is of the 
same magnitude as would be produced by fasting and water depriva- 
tion in the absence of obstruction and when obstruction is present it 
accounts for more than half of  the water loss over the experimental 
period here studied.  The large size of this factor was to us a surprising 
finding.  The data for skin and for tissues given in Table 1 are graphi- 
cally presented in  Fig.  1,  Sections  A  and  B,  with  the  purpose  of 
bringing out this point more clearly.  It can here be appreciated that 
although loss of gastric secretions considerably accelerates the decline 
of the values measured, fasting with water deprivation is the larger 
factor in the situation. 
As regards the loss of water due to the second factor, that is, to 
failure  of  reabsorption  of  the  gastric  secretions,  there  remains  for 
consideration  the  interesting  question  of  its  source.  It  has  been 
argued that this water derives entirely from interstitial body fluids (6). 
The data here given are not definitely informative on this point.  Since 
the skin, because of its loosely areolar understructure, serves as a chief 
depot of interstitial fluid, a  relatively much larger loss of water from 
the skin than from other body tissues would be expected.  This was the 
case  in these  experiments.  It  may be  computed from the data in 
Table  1 that  three-fourths of the water loss referable to obstruction 
derives from the skin.  The small remainder comes from tissues which, 
although they contain relatively less interstitial water, are in bulk more 
than twice that of the skin.  It would therefore seem possible that the 
loss of water from the tissues referable to obstruction, which, as may be 
seen in the table, causes a just measurable reduction of per cent water 
content,  is  entirely  composed  of  interstitial  water.  Unpublished 
data obtained by one of us (McKhann) bearing on this point may ap- 
propriately be inserted here.  They consist in measurements of per 
cent water content of two parenchymatous tissues, heart muscle and 
brain, taken from rats dehydrated by repeated intraperitoneal injec- 
tions of hypertonic (4.5  per cent)  sodium chloride solution and are 
presented in Table 2.  They show, especially in the case of brain tissue, 
a remarkably successful defense of the normal water content. 
Data from another experiment measuring the changes found over a 874  WAT]~I~  AND  CHLORIDE  IN  DEH~/DRA~ED  P-,.ATS 
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longer interval following pyloric obstruction are recorded in Section C 
of Fig.  1.  These  are  from three  rats  of uniform weight  (155  gin.). 
Striking decline in the rate of loss of water and chloride ion during the 
second 12 hours following obstruction is evident.  Indeed, in the case 
of the skin, there is, according to the data, no further depletion of water 
and materials after the first 12 hours.  Apparently by then the sub- 
cutaneous depots are completely exhausted and further losses must be 
entirely sustained by the other tissues.  An extremely slight depres- 
sion of the per cent water content of the tissues is again found. 
In the first section of Fig. 2 are plotted  measurements  descriptive 
of the effects of prolonged fasting and water deprivation.  After the 
TABLE  2 
Per Cent Water Content of Kidneys and Brains from Rats Dekydrated by Repeated 
Intra-Pe~itoneal Injections of Hypertonic Sodium Chloride SoIution 
Body weight,  ~ns, 
Initial 
350 
347 
298 
342 
263 
Final 
280 
298 
242 
258 
185 
Water content,  per cent 
Kidneys 
76.2 
75.5 
78.8 
75.2 
76.8 
Brain 
78.8 
77.1 
78.5 
78.6 
78.8 
Averages  of control data ................  77.2  78.5 
initial  18 hour period a  much less rapid rate of loss of body weight, 
water and chloride ion is established.  The entire survival period was 
187  hours.  The  total  losses  in  per  cent  of  initial  values  were  as 
follows: body weight 39.6 per cent, water 38.3 per cent, chloride ion 
35.3 per cent.  A  curious finding shown in the figure is the  extensive 
rise of chloride ion  concentration  in  the  skin  and  the  same  change, 
though of much less degree, in the tissues.  The per cent water con- 
tent  of  the  tissues  remains  nearly  stationary,  exhibiting  a  slight 
trend toward increment rather  than  depletion.  In  the  skin  an  in- 
crease  in per  cent water  content occurs  more appreciably.  In the 
experiment  which produced the  data given in the second  section of 
Fig. 2, in addition to fasting and water  deprivation,  an obstruction 876  WATER  AND  CHLORIDE  IN  DEHYDRATED  RATS 
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was placed at the lower end of the small intestine.  Gastro-intestinal 
secretions  can presumably  be  reabsorbed.  Evidence that they are 
is  provided by  the  rise  in  the  concentration of  chloride ion  even 
during the initial period where, as may be seen in Fig.  1, pyloric ob- 
struction produces a sharp fall.  The survival period as indicated by a 
single animal was shorter  than for  fasting with  water  deprivation 
alone,  113 hours as compared with 187 hours.  The two sets of data 
are,  however, similar to  a  degree  which permits  the inference that 
lower intestinal obstruction causes little if any water removal from 
the body. 
SU~%RY 
The circumstances present in  upper intestinal obstruction which 
may be expected to reduce the water content of the body are fasting 
with water deprivation and a  continued loss of secretions into  the 
stomach.  According to the data obtained from the above described 
experiments with rats, loss of body water during the first third of the 
survival period following pyloric  obstruction is more than  half  ac- 
counted for by fasting with water deprivation.  This body water is 
accompanied by a parallel loss of solids and may be regarded as a waste 
product of the consumption of body fat, glycogen,  and  protoplasm. 
Its loss does not disturb the per cent water content of the body tissues. 
The water lost into the stomach is responsible for an actual excess of 
water reduction over consumption  of solids.  Except in the case of the 
skin and blood, this excess loss of water is extremely small and produces 
a reduction of the per cent water content of tissues which is so slight as 
to permit the surmise that the water loss here derives entirely from the 
interstitial fluid of the tissues and that no dehydration of tissue  cells 
occurs.  The data are, however, not directly informative on this point. 
The total loss of body water during 12 hours following pyloric obstruc- 
tion was found to be 12.6 per cent of the water content of  a  control 
animal. 
More than one-quarter (28.3 per cent) of the total body content of 
chloride ion was found to be lost and was entirely accounted for by the 
amount of chloride found in the gastric contents.  Nearly half.of the 
chloride loss derives from the skin. 878  WATER AND  CHLORIDE IN  DEHYDRATED RATS 
Data are presented which demonstrate that lower intestinal obstruc- 
tion causes slight, if any, depletion of the water content of the body. 
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